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[57] ABSTRACT 

An optical-?ber gyroscope of the Sagnac type having 
an optical ?ber coil and a 3 X 3 coupler comprising three 
optically coupled ?ber optic guides. A ?rst ?ber optic 
guide of the 3 X 3 coupler is coupled at one end to a ?rst 
optical radiation source, whose radiation intensity is 
detected directly by a radiation detector. The two other 
?ber optic guides of the 3 X 3 coupler are each coupled 
to respective ends of an optical ?ber coil and, at the 
other ends of each of the two other ?ber optic guides, to 
respective radiation detectors. The ?rst ?ber optic 
guide of the 3X3 coupler features a second optical 
radiation source, which is modulated by a frequency 
which differs from the modulation frequency of the ?rst 
radiation source, 

5 Claims, 2 Drawing Sheets 
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OPTICAL-FIBER GYROSCOPE 

- BACKGROUND OF THE INVENTION 

The present invention relates to an optical-?ber gyro 
scope of the Sagnac type having an optical ?ber coil 
and a 3X3 coupler comprising three optically coupled 
?ber optic guides, whereby a ?rst ?ber optic guide of 
the 3 X 3 coupler is connected at one end to a ?rst opti 
cal radiation source, whose radiation intensity is de 
tected directly by a radiation detector, and the two 
other ?ber optic guides of the 3X3 coupler are con 
nected respectively at one end, to respective ends of the 
optical ?ber coil and, at the other end, to respective 
radiation detectors. 
US. Pat. No. 4,440,498 discloses an optical-?ber gy 

roscope Which can be operated in so-called phase quad 
rant by using a 3 X 3 coupler. Also, German Application 
P38 05 904.5 discloses an optical-?ber gyroscope with 
which ?uctuations in the radiation source, as well as the 
coupler characteristics, can be detected with the aid of 
a so-called monitoring diode. See FIG. 1 of the draw 
ings of the present application which shows a diagram 
of the optical ?ber gyroscope according to the German 
application. With reference to FlG. 1, in the evaluation 
of signals using diodes 4 and 5, using two monitoring 
diodes 7 and 6 disposed, respectively, coupled to the 
radiation source 3, and to the central channel 1 of the 
3 X3 coupler 2, ?uctuations in the radiant power of the 
light source 3 can be detected and ?uctuations in the 
coupling length of the 3X3 coupler, which, for exam 
ple, are conditional on the thermal expansion of the 
coupler, can also be detected. With this device, how 
ever, one is only able to detect the common variation in 
the three coupling lengths among the three wave guides 
inside the 3 X3 coupler, that is A(K12L)= K12AL, 
A(K13L)=K13AL and A(K23L)=K23AL(KU=coupling 
factor between the ?ber optic guides i and j, L =cou 
pling length). Changes, which result from environmen‘ 
tal in?uences such as pressure, acceleration or tempera 
ture, in the desired symmetry of the coupling factors 
K13=K23=K12, however, are not considered or deter 
mined. 

SUMMARY OF THE INVENTION 

Therefore, it is the object of the invention to detect 
deviations in the three coupling factors K,-J(i, j = 1, 2, 3), 
so that errors in the measurement of the rate of rotation 
can be compensated for. 
The above and other objects of the invention are 

achieved by an optical-?ber gyroscope of the Sagnac 
type having an optical ?ber coil and a 3X3 coupler 
comprising three optically coupled ?ber optic guides, 
whereby a ?rst ?ber optic guide of the 3 X 3 coupler is 
coupled at one end to a ?rst optical radiation source, the 
radiation intensity of the source being detected directly 
by a radiation detector, the two other ?ber optic guides 
of the 3X3 coupler each being coupled at one end 
thereof to respective ends of an optical ?ber coil and, at 
the other ends of each of the two ?ber optic guides, to 
respective radiation detectors, the ?rst ?ber optic guide 
of the 3X3 coupler being coupled to a second optical 
radiation source, which is modulated by a frequency 
which differs from the modulation frequency of the ?rst 
radiation source. 
The invention begins with the realization that 

changes in the coupling length L, as well as in the cou 
pling factors Kg, can be detected by means of an addi 
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2 
tional monitoring light source, which is connected to 
the central channel of the 3X3 coupler. In doing this, 
the monitoring light source is modulated with a fre 
quency fM other than that of the actual radiation source. 
The superimposition of the light signals of the Sagnac 
interferences, which arrives in the radiation detectors 
provided for signal evaluation and which arises from 
the combination of the main radiation source/3 X 3 cou 
pler/ ?ber coil and from the combination of the monitor 
ing light source/3X3 coupler, is separated again by 
so-called lock-in methods based on its different modula 
tion frequencies. The evaluation of these signals is based 
on the concept that different variations, for example, in 
the coupling constants AKlZ and AK13, which indicate 
an asymmetry of the coupling conditions, produce cor 
respondingly different output signals from the two radi 
ation detectors (4, 5 in FIG. 2) with the modulation 
frequency fM of the monitoring radiation source. Mu 
tual changes in all coupling lengths L or coupling con 
stants Ki]- are detected both by means of the combination 
of two monitoring diodes (7 and 16), according to Ger 
man application P 38 05 904.5, as Well as by means of 
the change, equal in magnitude in this case, in the fM 
signals of the radiation detectors (4, 5). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in greater detail in 
the following detailed description with reference to the 
drawings, in which: 
FIG. 1 shows an optical-?ber gyroscope according to 

German Application P 38 05 904.5; 
FIG. 2 shows an optical-?ber gyroscope with a moni 

toring light source; 
FIG. 3 shows a block diagram for evaluating the 

signals of an optical-?ber gyroscope according to FIG. 
2; and 
FIG. 4 shows an optical-?ber gyroscope with'a moni 

toring light source and two monitoring diodes. 

DETAILED DESCRIPTION 

In the case of the exempli?ed embodiment depicted in 
FIG. 2, the central channel 1 of a 3X3 coupler 2 com 
municates ?rst of all with the main radiation source 3 
and secondly with a monitoring light source 30. The 
main radiation source 3 is modulated with the so-called 
transmitting frequency f5; the monitoring diode with a 
frequent fM which differs from the frequency f5. The 
radiation intensity of the main radiation source 3 is 
detected directly by a monitoring diode 7. The radiation 
detectors 4 and 5, which communicate with the chan 
nels 2 and 3 of the 3X3 coupler 2, detect ?rst of all the 
interference signals from the light signals counter prop 
agating through the optical ?ber coil 1, as well as the 
signals of the monitoring light source 30 spilling over 
out of the central channel as the result of coupling. 
The evaluation of the signals generated in the radia 

tion detectors 4, 5 and 7 is achieved by means of the 
electronics depicted in FIGS, whereby the radiation 
detectors 4, 5 and 7 are connected to a system 8 of 
so-called lock-in ampli?ers. There, the individual sig 
nals are ampli?ed by preampli?ers 8.1 and demodulated 
in correct phase relation by demodulators 8.2. An oscil 
lator 8.4 thereby supplies the reference frequency f5 for 
modulating the main radiation source 3, as well as for 
the 8.2. 

Signals are tapped off the ampli?ed signals of the 
_ radiation detectors 4 and 5 from the demodulators 8.2 
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and supplied to further 8.20, which take their reference 
frequency from an oscillator 8.40, which also modu 
lates the monitoring light source 30. The thus resulting 
monitoring signals 150 are consequently separated from 
the signals 15, which were developed on the basis of 
the transmitting frequency ?g. 
The signals ?ltered by a low-pass ?lter (not shown) vof 

all demodulators 8.2 and 8.20 are ampli?ed in further 
ampli?ers 8.3 to a corresponding level and adapted to 
the impedance of a subsequent analog multiplexer 9. 
This analog multiplexer 9 multiplexes the output signals 
in the time interval that is controlled by the clock fre 
quency 12 of a microprocessor or computer 11. The 
resulting time-multiplexed signals are converted in an 
analog-digital converter 10 into digital signals, which 
are processed further by the computer 11. 
The gyroscope computer 11 determines the Sagnac 

phase ¢5 from the interference signals S4 and S5 of the 
radiation detectors 4 and 5 according to 

A, B and C are variables which essentially comprise 
the coupling coefficients. The exact correlation is de 
scribed in Fiberoptic Gyroscope with [3X3]Direcli0nal 
Coupler, S.K. Sheen, Appl. Phys. Lett. 37, 869-871 
(1981), (cited in U.S. Pat. No. 4,440,498). 
V =conversion factor of the radiation detectors 
J =intensity of the light source. 
Changes in the coupling coef?cients, as they are rec 

ognizable by means of the monitoring signals 150, thus 
enter directly into the above coef?cients A, B and C. 
The detected Sagnac phase, and the rate of rotation 

derived from it, are delivered, respectively, via a serial 
output 13, and a parallel output 14. Additional informa 
tion concerning the light output and the state of the 
coupler may also be included. 

Generally, the monitoring diodes can be integrated in 
the transmitting diodes; if this is not the case, then one 
can compensate for this by installing a 2X2 coupler 15. 
As FIG. 4 shows, the monitoring diode 7 is mounted at 
the output of the coupler 15 on the coil side and ful?lls 
the same task as in FlG. 2. 
An additionally mounted radiation detector 16 

supplies a signal, which contains the Sagnac phase in 
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4 
the portion varying by £5 (with that, for example, the 
redundancy of the optical-?ber gyroscope can be in 
creased), and allows a determination of the additional 
attenuation appearing in the coupler by evaluating the 
portion varying by fM. 

In the foregoing speci?cation, the invention has been 
described with reference to speci?c exemplary embodi 
ments thereof. It will, however, be evident that various 
modi?cations and changes may be made there unto 
without departing from the broader spirit and scope of 
the invention as set forth in the appended claims. The 
speci?cation and drawings are, accordingly, to be re 
garded in an illustrative rather than in a restrictive 
sense. 

What is claimed is: 
1. An optical-?ber gyroscope of the Sagnac type 

having an optical ?ber coil and a 3 X3 coupler compris 
ing three optically coupled ?ber optic guides, whereby 
a ?rst ?ber optic guide of the 3 X 3 coupler is coupled at 
one end to a ?rst optical radiation source, the radiation 
intensity of the radiation source being detected directly 
by a radiation detector, the two other ?ber optic guides 
of the 3X3 coupler each being coupled at one end 
thereof to respective ends of an optical ?ber coil and, at 
the other ends of each of the two other ?ber optic 
guides, to respective radiation detectors, the ?rst ?ber 
optic guide of the 3X3 coupler being coupled to a 
second optical radiation source, which is modulated by 
a frequency which differs from the modulation frequen 
cy of the ?rst radiation source. 

2. The optical-?ber gyrosc recited in claim 1, wherein 
the ?rst radiation source is to at least one further radia 
tion detector. 

3. The optical-?ber gyroscope recited in claim 2, 
wherein the ?rst radiation source is directly to at least 
one further radiation detector. ‘ 

4. The optical-?ber gyroscope recited in claim 2, 
wherein the ?rst radiation source i indirectly to at least 
one further radiation detector. 

5. The optical-?ber gyroscope recited in claim 1, 
wherein the radiation detectors are co to a system of 
lock-in ampli?ers, in which the signals attributable to 
the ?rst radiate separated from the signals which are 
attributable to splitting of the light from the second 
radiation source coupled on the reverse side into the 
?ber optic guide. 

* i * i i 
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corrected as shown below: 

In column 1', line 18, change "quad-rant" to —- quad 
rature ——; 

line 17, change "Which" to —- which ——; 

In column 2, line 22, change "Well" to -- well ——; 

line 48, change "frequent" to -- frequency ——; _ 

line 53, change "counter prop-agating" to — 
counterprop-agating ——; 

line 67, change "...off the..." to —- ...off from 
the... ——; 

line 68, change "...5 from" to -— 5 upstream from... 

Column 3, line 1 change "further" to —- further 
demodulators ——; 

Column 4., line 36 change I'is" to -- is coupled ——; 

line 39, .change "i" to —— is coupled ——; 
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